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Abstract 
Present paper presents the results of an experimental study on effect of acid erosion on microhardness of dental enamel and the 
influence of remineralization process on restoration of initial hardness properties. Several samples of integer human teeth were 
treated under certain research protocols, being subjected to acid attack of different beverages and fruits. We found that some 
beverages and aliments have dramatic effects on dental enamel microhardness. In the case of cola type beverage after 10 days of 
acid attack (5 min/day) the hardness of the enamel is only 40% from the initial one. Also in the case of lemon, we found a 50% 
decrease in microhardness of enamel. Red wine has a moderate effect, 25% decrease, and in the case of apple the drop in 
microhardness is small, aprox. 10%. However, remineralization treatment leads to a restoration in terms of microhardness, after 
the process the enamel presents a HV at least 75% from initial one. In some cases (red wine, apple) the restoration of 
microhardness is complete after 10 days of treatment. 
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1. Introduction 
Dental enamel is a crystalline latticework composed of various minerals, the principal component of which is a 
complex calcium phosphate mineral called hydroxyapatite. Chronic exposure to extrinsic/intrinsic acids with a low 
pH leads to dental erosion. Enamel erosion is characterized by a centripetal dissolution leaving a small 
demineralized zone behind. A substantial number of mineral ions can be removed from hydroxyapatite latticework 
without destroying its structural integrity; however, such demineralized enamel transmits hot, cold, pressure and 
pain much more readily than normal enamel. There are many studies on chemical, mechanical, histopathological 
aspects of acid erosion [1-5] all of them showing the detrimental effect of erosive attack on enamel.  
Remineralization of teeth is a process in which minerals are returned to the molecular structure of the tooth itself. 
Fluoride therapy is often used to promote artificial remineralization. This produces the stronger and more acid-
resistant fluorapatite, rather than the natural hydroxylapatite. Some studies shown that treatment with fluoride 
containing toothpastes helps protect enamel from acid-mediated surface softening, and promotes hardness 
restoration after erosive attack [6-10]. 
The mechanical behavior of dental enamel has been the subject of many investigations. Initial studies assumed 
that it was a more or less homogeneous material with uniform mechanical properties. Now it is generally recognized 
that the mechanical response of enamel depends upon location, chemical composition, and prism orientation. 
Microhardness tests are commonly used to study the physical properties of materials, and they are widely used to 
measure the hardness of teeth. This method is easy, quick, and requires only a tiny area of specimen surface for 
testing. 
2. Methodology 
For our in vitro experiments 8 integer human teeth were used. We form 4 pair of samples; each pair was treated 
in different way, being the subject of acid erosion under different beverages or fruits: cola type beverage, red wine, 
lemon and apple. The working protocol involves two series of acid erosion. In each of this series the samples were 
treated 5 days, 5 minutes per day in the corresponding beverage or fruit.  After that, we perform two series of 
remineralization with commercial product Sensodyne ProSmalt. Each of series means 5 days, in each day we 
applied the remineralization product for 2 times, 3 minutes each time. After every series of as described treatment 
the Vickers microhardness was measured. On each sample, after each phase of treatment, there were made 10 
determination of Vickers microhardness, on different location of each tooth. The following tables and figures 
present the average values of these measurements. 
Determination of microhardness of as treated teeth was made using a CV-AAT 400 Vickers microhardness tester. 
Enamel and dentin have specific microstructures; thus their hardness may depend upon indentation loads or times. 
In the case of Vickers microhardness test applied on human teeth, studies revealed that loading time has no 
significant influence on test results [11]. Thus, in our experiments a loading time of 15 s was chose. The loading 
force was set in the domain of micro loads (50, 100 gf) having in mind that the depth of indentation has to be less 
than 10% of enamel thickness. Also, we avoid 10 gf and 25 gf loads which can lead to the problem of indentation 
size effect (ISE) that refers to the fact that at very low loads the test results on a material are not constant over the 
range of test loads [12].  
3. Results and discussion 
Table 1 presents the strategy of acid erosion simulation treatment protocol followed by remineralization 
treatment for samples subjected to acid attack of cola type beverage and the results of Vickers microhardness tests 
on these samples after each stage of protocol. In order to facilitate data analysis the percent of actual microhardness 
after each stage from initial one and the percent of drop in microhardness related to initial stage were calculated and 
are presented in the Table 1. Figure 1 shows the evolution of Vickers microhardness during this treatment.  
Table 1. Vickers microhardness for the samples subjected to acid erosion of cola type beverage 
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Treatment protocol 
Sample A1 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample A1 
HV from HV 
initial [%] 
 
Sample A1 
HV decrease 
[%] 
 
Sample A2 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample A2 
HV from HV 
initial [%] 
 
Sample A2 
HV decrease 
[%] 
 
initial 247,89   143,01   
influence of cola drink 5 
days x 5 min/day 88,64 35,76 64,24 110,71 77,41 22,59 
influence of cola drink 10 
days x 5 min/day 76,87 31,01 68,99 63,03 44,07 55,93 
after 1 remineralization 
cycle (2 x 3 min/day, 5 
days) 161,88 65,30 34,70 80,76 56,47 43,53 
after 2 remineralization 
cycle (2 x 3 min/day, 10 
days) 191,03 77,06 22,94 103,80 72,59 27,41 
Dental enamel's microhardness evolution under the acid erosion of cola type 
beverage followed by remineralization treatment (Sensodyne ProSmalt)
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Fig. 1. Influence of acid erosion of cola type beverage on microhardness of dental enamel and the effect of remineralization treatment 
The results indicate an important decrease of enamel microhardness. After 10 days of acid erosion in cola type 
beverage (5min/day) the enamel microhardness drops with 68,99% in the case of sample A1 and 55,93% in the case 
of sample A2. We can speak about a drop of a60% in teeth microhardness. Remineralization process using 
commercial product Sensodyne ProSmalt brings the benefit of microhardness restoration. The effect is more 
pronounced during the first 5 days of treatment and continues in the next 5 days, leading to microhardness that are 
77,06% from initial one in the case of sample A1, and 72,59% from initial one in the case of sample A2. There is 
still a 25% lost from initial enamel microhardness, which is not negligible.  
Table 2 presents the results of Vickers microhardness tests on samples subjected to acid erosion of lemon after 
each stage of protocol and Figure 2 shows the evolution of Vickers microhardness during this treatment.  
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Table 2. Vickers microhardness for the samples subjected to acid erosion of lemon 
Treatment protocol 
Sample B3 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample B3 
HV from HV 
initial [%] 
 
Sample B3 
HV decrease 
[%] 
 
Sample B4 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample B4 
HV from HV 
initial [%] 
 
Sample B4 
HV decrease 
[%] 
 
initial 312,56   288,88   
influence of lemon 5 days 
x 5 min/day 248,86 79,62 20,38 223,73 77,45 22,55 
influence of lemon 10 days 
x 5 min/day 172,56 55,21 44,79 144,35 49,97 50,03 
after 1 remineralization 
cycle (2 x 3 min/day, 5 
days) 228,37 73,07 26,93 219,51 75,99 24,01 
after 2 remineralization 
cycle (2 x 3 min/day, 10 
days) 243,41 77,88 22,12 238,31 82,50 17,50 
Dental enamel's microhardness evolution under the acid erosion of lemon 
followed by remineralization treatment (Sensodyne ProSmalt)
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Fig. 2. Influence of acid erosion of lemon on microhardness of dental enamel and the effect of remineralization treatment 
The results indicate a high decrease of enamel microhardness. After 10 days of acid erosion in lemon (5min/day) 
the enamel microhardness drops with 44,79% in the case of sample B3 and 50,03% in the case of sample B4. We 
can speak about a drop of a50% in teeth microhardness. Remineralization process using commercial product 
Sensodyne ProSmalt brings the benefit of microhardness recovery. The effect is more pronounced during the first 5 
days of treatment and continues in the next 5 days, leading to microhardness that are 77,88% from initial one in the 
case of sample B3, and 82,50% from initial one in the case of sample B4. There is still a 20% lost from initial 
enamel microhardness, which is not negligible. It is expected that microhardness restoration will follow the 
established increasing trend if remineralization is continued. 
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Table 3 presents the results of Vickers microhardness tests on samples subjected to acid erosion of red wine after 
each stage of protocol and Figure 3 shows the evolution of Vickers microhardness during this treatment.  
Table 3. Vickers microhardness for the samples subjected to acid erosion of red wine 
Treatment protocol 
Sample C1 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample C1 
HV from HV 
initial [%] 
 
Sample C1 
HV decrease 
[%] 
 
Sample C2 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample C2 
HV from HV 
initial [%] 
 
Sample C2 
HV decrease 
[%] 
 
initial 192,71   189,06   
influence of red wine 5 
days x 5 min/day 179,23 93,01 6,99 145,87 77,15 22,85 
influence of red wine 10 
days x 5 min/day 162,02 84,08 15,92 120,25 63,61 36,39 
after 1 remineralization 
cycle (2 x 3 min/day, 5 
days) 173,57 90,07 9,93 174,80 92,46 7,54 
after 2 remineralization 
cycle (2 x 3 min/day, 10 
days) 186,51 96,78 3,22 183,95 97,30 2,70 
Dental enamel's evolution under the acid erosion of red wine followed by 
remineralization treatment (Sensodyne ProSmalt)
192,71
179,23
162,02
173,57
186,51
189,06
145,87
120,25
174,80
183,95
0,00
50,00
100,00
150,00
200,00
250,00
initial influence of red
wine 5 days x 5
min/day
influence of red
wine 10 days x 5
min/day
after 1
remineralization
cycle (2 x 3
min/day, 5 days)
after 2
remineralization
cycle (2 x 3
min/day, 10 days)
V
ic
ke
rs
 m
ic
ro
h
ar
d
n
es
s 
H
V
 [
kg
f/
m
m
2]
Sample C1
Sample C2
 
Fig. 3. Influence of acid erosion of red wine on microhardness of dental enamel and the effect of remineralization treatment 
The results indicate a moderate decrease of enamel microhardness. After 10 days of acid erosion in red wine 
(5min/day) the enamel microhardness drops with 15,92% in the case of sample C1 and 36,39% in the case of sample 
C2. We can speak about a drop of a25% in teeth microhardness. Remineralization process leads to a very good 
microhardness recovery, after 10 days of treatment the enamel’ hardness is almost equal to the initial one (a97% 
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from initial HV). We can affirm that the acid erosion effect of red wine is totally recoverable by remineralization 
using commercial products.  
In Table 4 there are presented the results of Vickers microhardness tests on samples subjected to acid erosion of 
apple after each stage of protocol and Figure 4 shows the evolution of Vickers microhardness during this treatment.  
Table 4. Vickers microhardness for the samples subjected to acid erosion of apple 
Treatment protocol 
Sample D1 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample D1 
HV from HV 
initial [%] 
 
Sample D1 
HV decrease 
[%] 
 
Sample D2 
Vickers 
microhardness 
HV [kgf/mm2] 
Sample D2 
HV from HV 
initial [%] 
 
Sample D2 
HV decrease 
[%] 
 
initial 210,28   253,47   
influence of apple 5 days x 
5 min/day 200,22 95,22 4,78 242,28 95,58 4,42 
influence of apple 10 days 
x 5 min/day 188,84 89,80 10,20 231,91 91,49 8,51 
after 1 remineralization 
cycle (2 x 3 min/day, 5 
days) 204,35 97,18 2,82 248,14 97,90 2,10 
after 2 remineralization 
cycle (2 x 3 min/day, 10 
days) 208,54 99,17 0,83 251,71 99,30 0,70 
Dental enamel's microhardness evolution under acid erosion of apple followed by 
remineralization treatment (Sensodyne ProSmalt)
210,28
200,22
188,84
204,35 208,54
253,47
242,28
231,91
248,14 251,71
0,00
50,00
100,00
150,00
200,00
250,00
300,00
initial influence of apple 5
days x 5 min/day
influence of red
apple 10 days x 5
min/day
after 1
remineralization
cycle (2 x 3
min/day, 5 days)
after 2
remineralization
cycle (2 x 3
min/day, 10 days)
V
ic
ke
rs
 H
V
 m
ic
ro
h
ar
d
n
es
s 
[k
g
f/
m
m
2]
Sample D1
Sample D2
 
Fig. 4. Influence of acid erosion of apple on microhardness of dental enamel and the effect of remineralization treatment 
The results indicate a low decrease of enamel microhardness. After 10 days of acid erosion in apple (5min/day) 
the enamel microhardness drops with 10,20% in the case of sample D1 and 8,51% in the case of sample D2. We can 
speak about a drop of a10% in teeth microhardness. Remineralization process leads to a total microhardness 
recovery, after 10 days of treatment the enamel’ hardness is almost equal to the initial one (more that 99% from 
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initial HV, being in the range of tester measuring error). We can affirm that the acid erosion effect of apple is totally 
recoverable by remineralization using commercial products.  
4. Conclusions 
Figure 5 synthesizes all our tests results using an approach in which we calculated the relative effect of 
treatments on samples. Starting with the level of 100% we determined the averages of relative microhardness after 
each stage of research protocol (acid erosion and remineralization). 
Dental enamel's microhardness evolution under the acid erosion of different beverages and 
fruits followed by remineralization treatment (Sensodyne ProSmalt)
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Fig. 5. Influence of acid erosion on microhardness of dental enamel and the effect of remineralization treatment 
Present research work leads to the conclusion that teeth enamel microhardness suffers a dramatic loss in the case 
of teeth treated 5 min/day, 10 days in cola type beverages and lemon. Red wine has a moderate effect and apple a 
low one on microhardness of enamel. However, remineralization treatment, conducted even at home, with 
commercially available products based on fluoride therapy, leads to a recovery of enamel microhardness. In the case 
of cola beverage and lemon, after 10 days of remineralization there is still a loss of 20...25% of microhardness 
relative to initial one. It is expected that the process of restoration to continue, further research are planned by us on 
this issue. In the case of red wine and apple remineralization results in total recovery of initial hardness properties. 
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